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HAZARDS  IN  HANDLING  GASOLINE. 


By  George  A.  Burrell. 


INTRODUCTION. 

With  the  increasing  use  of  gasohne  and  other  liquid  fuels  that  are 
dangerous  because  of  their  ready  inflamniabdity  there  is  each  year  an 
increasing  number  of  accidents  that  cause  loss  of  life  and  great 
damage  to  property.  In  connection  with  investigations  regarding 
safety  and  efficiency  in  the  use  of  petroleum  and  its  products,  the 
Bureau  of  Mines  has  made  numerous  tests  of  gasoline  and  kerosene. 
This  report  discusses  hazards  that  may  result  from  handling  the  liquids 
mentioned,  and  outlines  precautions  to  be  observed  in  handling  them. 

A  recent  tabulation  by  K.  G.  Martin  of  the  fire  prevention  bureau 
of  New  York  City  shows  that  during  1913  in  the  United  States  1,040 
persons  were  burned  to  death  and  3,120  persons  injured  (a  weekly 
average  of  20  persons  killed  and  60  persons  injured)  on  account  of 
gasoline  fires. 

A  study '^  of  1,000  fires  showed  that  77.1  per  cent  were  due  to 
gasoline,  naphtha,  and  benzol;  53  per  cent  were  due  to  open  flames, 
matches,  and  static  or  frictional  electricity. 

In  1912,  from  transportation  of  gasoline  on  railroads  alone,  there 
resulted  a  property  loss  due  to  fires  of  $31,215,  and  in  1913  the  loss 
from  that  source  had  increased  to  $117,697.^ 

MISCELLANEOUS  HAZARDS  IN  THE  USE  OF  GASOLINE. 

In  gasoline-lighting  systems,  there  are  many  hazards  that  can  be 
introduced  by  faulty  design  and  construction  of  apparatus.  Among 
these  are  corrodible  material,  improperly  made  joints,  and  valves  of 
poor  design. 

Many  fires  originate  from  the  cleaning  of  silks  with  gasoline,  the 
violent  rubbing  of  the  silk  generating  static  electricity  which  pro- 
duces a  spark  that  ignites  the  vapor. 

Many  jobbing  tailors  cause  fires  by  using  gasoline  in  an  open  vessel 
and  smoking  a  cigarette  or  cigar  at  the  same  time. 

A  dangerous  practice,  common  in  many  garages,  is  the  cleaning  of 
automobile  parts  with  gasoline  from  an  open  can.  Employees  find 
it  easy  to  clean  grease  and  oil  from  the  motor  and  other  parts  with 
a  brush  saturated  with  gasoline,  and  the  gasoline  is  readily  ignited 
by  a  spark.     Such  a  spark  may  be  caused  by  striking  two  pieces  of 

a  Nat.  Fire  Prot.  Assn.  Quart.,  vol.  7,  July,  1913,  p.  73. 
b  Proc.  Am.  Railway  Assn.,  May  20,  1914,  p.  -ISO. 
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metal  together,  by  the  ignition  system  on  the  automobile  Avhen  the 
starting  crank  is  turned,  and  in  other  ways.  In  one  instance  a  nut 
that  stuck  was  struck  with  a  wrench,  causing  a  spark.  The  car  was 
instantlj^  enveloped  in  flame. 

Oily  waste  should  at  all  times  be  placed  in  a  safe  receptacle  to  avoid 
the  danger  of  spontaneous  combustion.  Oily  waste  will  decay, 
smolder,  and  in  time  burst  into  flame.  Sawdust  when  soaked  with 
oil  drippmgs  will  do  the  same  thing,  and  its  use  should  be  forbidden. 
Sand  is  a  safe  material  to  use  as  an  absorbent  of  oil. 

Another  source  of  fires  is  the  use  of  kerosene  in  hghting  fires  in  the 
ordinary  cooking  or  heating  stove.  Kerosene  should  never  be  poured 
in  a  stove  in  wliich  there  is  a  spark  of  fire;  neither  should  it  be  used 
in  a  stove  in  which  the  fire  is  out,  but  in  wliich  parts  of  the  stove  are 
still  warm.  Neither  should  kerosene  lamps  be  fiJled  while  Ughted,  a 
practice  that  is  widely  prevalent  in  country  districts.  Kerosene  lamps 
with  metal  oil  wells  are  safer  than  and  are  preferable  to  lamps  with 
glass  fonts. 

DETAILED    PRECAUTIONS    CONCERNING    THE    HANDLING    OF 

GASOLINE. 

In  establishments  where  benzine,  gasoline,  naphtha,  and  other 
inflamma^ble  liquids  are  used,  care  should  be  taken  to  see  that  the 
smallest  practicable  quantities  are  used,  and  that  the  liquids  are 
handled  in  an  approved  manner.  No  open  light  or  flame  of  any 
kind,  nor  any  machine  or  belt  capable  of  producing  a  spark  should 
be  allowed  in  the  room  where  the  gasoline  is  being  used.  AU  shafting 
and  macliines  with  belts  that  are  liable  to  cause  a  static  electric 
spark  should  be  well  grounded. 

Oidy  incandescent  electric  lights  should  be  used,  and  these  should 
be  provided  with  guards  to  prevent  their  being  smashed. 

All  electric  switches,  fuses,  etc.,  should  be  outside  the  room. 

Danger  signs  should  be  posted  on  all  doors  opening  into  the  room, 
warning  against  the  carrying  of  open  fights  of  any  kind  inside. 

When  large  quantities  of  the  inflammable  liquids  mentioned  are 
used  the  main  supph"  should  be  stored  in  a  metal  tank  buried  under- 
ground and  a  safe  distance  from  buildings.  The  worldng  supply 
should  be  pumped  into  the  buildings  as  needed,  and  the  system  so 
arranged  that  when  the  pump  is  stopped  all  liquid  in  the  pipes  will 
flow  back  into  the  supply  tank.  When  it  is  not  possible  to  use  a 
pump  and  a  buried  tank  the  main  supply  should  be  stored  outside 
and  well  away  from  other  buildings,  under  lock  and  key.  Only 
small  quantities  of  working  supphes  should  be  taken  into  the  building, 
closed  metal  cans,  preferably  safety  cans,  being  used  as  containers. 

Wlien  the  use  of  an  open  pan  is  necessary  the  opening  should  be 
as  small  as  possible  and  a  cover  should  be  provided.  The  cover 
should  be  put  on  whenever  the  pan  is  not  in  use. 
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Signs  should  be  posted  proliibitiiig  an  open  flame  near  the  place  of 
storage  or  near  a  pump  or  other  handling  apparatus.  The  signs 
should  explain  the  danger  involved"  and  give  instructions  for  safe 
methods  of  operation. 

Empty  gasoline  barrels  should  be  stored  with  bungholes  down,  in 
safe  places  in  the  open  air. 

Rooms  in  which  explosive  or  dangerous  gases  or  vapors  are  used  or 
generated  should  be  safely  inclosed,  and  should  be  provided  with  an 
improved  system  of  ventilation. 

Gasohne  vapor  is  heavier  than  air,  and  a  suction  fan  should  be 
used  to  insure  proper  ventilation. 

Joints  in  tanks,  pipes,  conveyors,  etc.,  used  for  storage  of  explosive 
liquids,  gases,  or  vapors  should  be  kept  tight. 

Before  work  is  done  on  vessels,  pipes,  etc.,  sufficient  time  should  be 
given  to  allow  gas  to  escape. 

Special  care  should  be  exercised  before  work  requiring  the  use  of 
heat  or  flame  is  done.  Apparatus  that  has  contained  explosive  gas 
should  be  filled  with  water  or  steam  to  force  out  the  gas. 

A  FEW  TERSE  DIRECTIONS. 

Don't  spill  gasoline. 

Don't  fill  the  tank  of  the  liquid-fuel  stove  full. 
Don't  use  a  liquid-fuel  stove  that  leaks. 

Don't  fill  a  gasoline  stove  in  a  closed  room.  Have  plenty  of  ven- 
tilation to  carry  the  vapor  out  of  the  room. 

Don't  use  gasoline  or  naphtha  for  washing  the  hands. 

EXTINGUISHING  BURNING  LIQUIDS. 

There  are  two  principal  methods  of  extinguishing  burnmg  liquids, 
as  follows: 

1.  To  form  a  blanket  of  gas  or  solid  material  over  the  burning 
liquid  and  cut  off  the  air  (oxygen)  supply. 

2.  To  dilute  tlie  burning  liquid  with  a  noninflammable  extinguish- 
ing agent  that  will  mix  with  it. 

Water  may  be  used  for  extinguishing  burning  liquids,  such  as  dena- 
tured alcohol,  wood  alcohol,  and  acetone,  that  are  miscible  with  it. 
If  such  a  liquid  as  gasoline,  which  is  not  miscible  with  water,  catches 
fire,  the  application  of  water  produces  little  or  no  effect  except  to 
spread  the  burning  liquid,  and  thus  scatter  the  fire  over  a  larger  area. 
However,  the  application  of  a  large  quantity  of  water  to  a  small 
quantity  of  burning  oil,  by  its  cooling  effect,  may  aid  in  extinguishmg 
the  fire. 

Of  materials  used  to  form  a  blanket  of  gas  or  solid  material  over 
burning  liquid,  thus  cutting  off  the  oxygon  supply,  several  are  in 
common  use.  These  include  sawdust,  sand,  carbon  tetrachloride, 
and  the  so-called  foam  or  frothy  mixtures. 
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The  efficiency  of  sawdust  is  due  to  its  floating  for  a  time  on  the 
liquid  and  excluding  the  oxygen  of  the  air.  Sawdust  itself  is  not 
easily  ignitible,  and  when  it  does  ignite  burns  without  flame.  The 
character  of  the  sawdust  and  its  moisture  content  is  of  little  or  no 
importance.  It  may  be  well  handled  for  extinguishing  small  fires, 
when  just  started,  by  means  of  long-handled  wooden  shovels. 

Sand  probably  serves  about  as  well  as  sawdust  for  extinguishing 
fires  on  the  ground,  but  is  heavier  and  more  awkward  to  handle. 
When  thrown  on  a  burning  tank  it  sinks,  whereas  sawdust  floats. 

Carbon  tetrachloride,  the  basis  of  various  chemical  fire  extinguish- 
ers, if  thrown  on  a  fire  forms  a  heavy  noninflammable  vapor  over  the 
liquid,  and  mixes  readily  with  oils,  waxes,  japan,  etc.  The  vapor  is 
about  five  times  as  heavy  as  air.  Much  of  the  carbon  tetrachloride 
contains  impurities  that  give  it  a  bad  odor,  but  when  pure  its  spe- 
cific gravity  is  1.632  at  32°  F.  When  throwTi  on  a  fire,  it  produces 
black  smoke,  the  hue  of  which  is  caused  by  unconsumed  particles  of 
carbon.  Pungent  gases  are  also  produced,  probably  h3'drocliloric 
acid  gas  and  small  volumes  of  chlorine  gas.  Although  the  fumes  are 
pungent,  brief  exposure  to  them  does  not  cause  permanent  injury. 

The  efficacy  of  carbon  tetrachloride  depends  largely  on  the  skill 
of  the  user.  If  liquid  in  a  tank  is  on  fire,  the  height  of  the  liquid  is 
important.  When  the  liquid  is  low,  the  sides  of  the  tank  form  a  wall 
which  retains  the  vapor,  but  when  a  tank  is  nearly  full  of  a  highly 
volatile  liquid  like  gasoline,  only  the  most  skilled  operator  can  ex- 
tinguish the  fire. 

For  smothering  some  small  fires  of  burning  gasoline  an  ordinary 
blanket  may  be  used. 

USE    OF   FOAM    OR    A    FROTHY    LIQUID   MIXTURE    AS    AX    EXTINGUISHER. 

Installations  embracing  the  use  of  foam  or  frothy  liquid  mixtures 
to  extinguish  fires  in  large  gasoline  storage  tanks  originated  in  Ger- 
many. For  such  an  extinguisher  two  liquids  are  caused  to  mix  in  a 
tank,  whereupon  foam  is  produced.  The  tank  is  made  air-tight  and  suf- 
ficiently strong  to  permit  the  foam  to  be  forced  out  under  pressure  of 
a  gas  (carbon  dioxide)  simultaneously  generated.  The  frothy  mixture 
owes  its  efficacy  to  its  blanketing  action  in  excluding  air  (oxygen) 
from  the  fire.  It  is  stiff  and  shrinks  only  slightly  in  volume  even 
after  half  an  hour.  In  one  installation  water,  bicarbonate  of  soda, 
and  soap  bark  are  used  in  one  tank,  and  acid  in  another  tank.  A 
fusible  link,  which  will  melt  at  212°  F.,  releases  a  hammer,  which 
breaks  the  glass  tank  containing  the  acid.  The  released  acid  is  led 
through  two  perforated  pipes  into  the  solution,  producing  a  violent 
ebullition  of  foam,  which  finds  its  way  into  the  tank  of  burning  oil. 

The  National  Fire  Protection  Association  has  experimented  with 
this  and  other  methods  of  extinguishing  fire.  These  experiments 
show  the  method  to  be  promising. 
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In  some  large  plants  gasoline  is  continually  stored  under  the  pres- 
sure of  noninflammable  gas,  as  nitrogen  or  carbon  dioxide.  In  other 
plants  it  is  stored  in  a  tank,  which  is  always  kept  filled,  no  air  being 
admitted  at  any  time.  The  tank  may  be  filled  with  aU  gasoline  or 
part  gasoline  and  part  water,  water  being  pumped  into  the  tank  to 
force  out  the  gasoline,  when  desired.  The  water  may  be  drained  off 
when  more  gasoline  is  to  be  added  to  the  tank. 

RELATION  OF  PROPERTIES  OF  GASOLINE  AND  GASOLINE  VAPOR 
TO  INFLAMMABILITY. 

SOURCE    OF    GASOLINE. 

Gasoline  is  a  product  obtained  by  distilling  crude  petroleum,  and 
the  different  grades  used  for  various  purposes  differ*  somewhat  in 
chemical  and  physical  properties.  Some  grades  of  gasoline,  particu- 
larly the  better  grades  used  to  drive  automobiles,  are  much  more 
hazardous  to  handle  than  are  others.  They  mix  with  air  in  larger 
proportions  and  pass  into  the  vapor  form  (evaporate)  more  rapidly, 
and  hence  more  quickly  render  a  given  volume  of  air  explosive  than 
do  the  heavier  grades,  such  as  are  used  for  cleaning  purposes  and  for 
fuel  in  the  engines  of  some  motor  trucks  and  other  large  internal- 
combustion  engines. 

ACTION    OF    GASOLINE    VAPOR    IN    AIR. 

Gasoline  vapor  mingles  with  air  in  the  same  manner  that  water 
vapor  does.  At  any  particular  temperature  a  definite  proportion  of 
water  vapor  will  be  found  in  the  atmosphere  if  it  has  become  completely 
saturated,  a  condition  that  seldom  exists.  Usually  a  limited  supply 
of  water  has  been  given  off  into  the  air,  and  the  atmosphere  is  spoken 
of  as  having  a  certain  relative  humidity,  meaning  that  the  saturation 
is  incomplete  or  that  more  water  vapor  could  exist  in  the  air  were  a 
source  of  moisture  available.  In  a  similar  manner  gasoUne  vapor  mixes 
with  air.  The  amount  of  vapor  carried  will  depend  on  the  temperature 
of  the  air  and  the  readiness  with  which  the  vapor  can  be  obtained. 

If  gasoline  is  exposed  to  the  air  of  a  room  and  for  a  long  enough 
time,  the  air  will  contain  at  a  certain  temperature  a  fixed  proportion 
of  gasoline  vapor,  differing  for  different  grades  of  gasoline,  that  can 
not  be  exceeded.  The  author  has  worked  out  the  values  for  four 
different  grades.  The  results  for  a  temperature  of  17.5°  C.  (63.5°  F.) 
are  shown  in  the  following  table : 

Proportions  of  different  grades  of  gasoline  vapor  that  air  will  carry  at  a  temperature  of 

17.5°  C. 
•  Proportion  of  gasoline 

Grade  of  gasoline.  .apor  (per  cent;. 

Cleaner's  naphtha 5.  0 

64°  B.  gasoline 11.  0 

69°  B.  gasoline 15.  0 

73°  B.  gasoline 28.  0 
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It  will  be  noticed  that  air  will  hold  almost  six  times  as  much  vapor 
from  the  lighter  gasoline  as  from  the  heavier  cleaner's  naphtha.  If 
the  lighter  and  better  grades  of  gasoline  are  heated,  their  vapors,  when 
a  light  is  appUed,  also  flash  and  burn  at  lower  temperatures  than  do 
the  heavier  grades.  Tliis  difference  does  not  mean  that  some  gasoUne 
is  a  dangerous  inflammable  liquid  and  some  is  not.  All  grades  are 
classed  as  highly  inflammable  and  dangerous  liquids. 

COMPARISON    OF    INFLAMMABtLITY    OF    GASOLINE    AND    OF    GASOLINE 

VAPOR. 

If  one  takes  the  cover  off  a  full  pail  of  tightly  inclosed  gasoline  and 
apphes  a  match  to  the  surface,  the  gasoline  will  flare  up  and  burn  as 
long  as  the  gasoline  lasts.  On  the  other  hand,  if  one  puts  a  few  drops 
of  gasoline  in  a  small  tightly  inclosed  pail,  waits  a  few  minutes,  and 
then  introduces  a  flame  or  an  electrical  spark  a  violent  explosion  will 
most  likely  result.  In  the  first  case  the  vapor  burns  as  fast  as  it 
comes  from  the  gasoline,  and  mixes  with  the  oxygen  of  the  air.  In 
the  second  case  the  oil  vaporizes  in  the  pail  and  mixes  uniformly  with 
the  air  therein  to  form  an  explosive  mixture  and  upon  ignition  ex- 
plodes. Consequently,  when  one  hears  of  a  disastrous  gasoUne  explo- 
sion one  may  be  sure  that  the  explosion  resulted  from  the  mixing  of 
the  vapor  from  the  gasoline  with  air  in  the  proportions  necessary  to 
form  an  explosive  mixture. 

One  gaUon  of  gasohne  when  entirely  vaporized  produces  about  32 
cubic  feet  of  vapor.  If  a  lighted  match  could  be  applied  to  pure 
gasoline  vapor  in  the  absence  of  air  no  fire  or  explosion  would  result. 
Gasoline  licpid  or  vapor,  Uke  any  other  combustible  material,  needs 
the  oxygen  of  the  air  in  order  to  burn. 

EXPLOSIVE     RANGE     OF     MIXTURES     OF     GASOLINE     VAPOR     AND     AIR. 

It  is  fortunate  that  gasoline  vapor,  like  other  gases  and  vapors, 
needs  a  certain  proportion  of  air  before  an  explosion  can  take  place. 
The  author  foujid  that  in  100  parts  by  volmne  of  air  and  gasoline, 
an  explosion  will  not  take  place  if  there  is  less  than  1.4  parts  of  gaso- 
line vapor  or  more  than  6  parts. '^  In  other  words,  the  explosive 
range  is  between  1.4  and  about  6  per  cent  of  vapor.  Flashes  of  flame 
will  appear  in  mixtures  containing  considerably  smaller  and  larger 
proportions  of  vapor,  and  considerable  pressiu'e  will  be  developed, 
but  propagation  through  the  mixture  will  not  take  place. 

Although  the  range  of  explosibility  mentioned  is  narrow  as  com- 
pared to  that  of  many  other  mixtures  of  combustible  gases  and  air, 
yet  the  proportion  of  gasoline  vapor  representing  the  lower  limit  is 
small,  and  indicates  the  great  importance  of  not  allowing  even  a 
httle  gasoline  to  be  exposed  ia  a  room,  because  of  the  small  quantity 

«  Bmrell,  G.  A.,  and  Boyd,  H.  T.,  Inflammability  of  mixtures  of  gasoline  vapor  and  air:  Technical  Paper 
115,  Bureau  of  Mines,  1915,  p.  10. 
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of  vapor  needed  to  make  an  explosive  mixture  with  all  the  air  in  the 
room.  If  1  gallon  of  gasoline  is  allowed  to  change  completely  into 
vapor  simply  by  exposing  it  to  the  room  air,  and  if  the  room  is  gas- 
tight,  the  1  gallon  can  render  explosive  2,100  cubic  feet  of  air,  the 
amount  contained  in  a  room  measuring  21  by  10  by  10  feet. 

In  the  actual  use  of  gasoline  such  conditions  seldom  exist.  How- 
ever, an  assumed  case  may  be  that  of  a  person  filling  an  open  pail  from 
a  larger  tank  or  using  gasoline  for  cleaning.  When  the  pail  is  first 
filled  with  the  gasoline,  a  small  volume  of  pure  gasoline  vapor  forms 
over  the  surface  of  the  gasoline.  Just  above  this  layer  of  pure  gaso- 
line vapor  is  a  mixture  of  vapor  and  air;  at  some  point  there  will  be 
an  explosive  proportion,  and  farther  away  from  the  pail  there  will 
be  a  small  proportion  of  vapor,  and  finally  still  farther  away  no  vapor 
at  all,  but  pure  air.  However,  all  the  time  the  user  of  the  gasoline  is 
at  work,  the  vapor  keeps  forming,  from  both  the  gasoline  in  the  pail 
and  that  applied  to  the  object  being  cleaned,  rendering  more  and  more 
air  inflammable  or  explosive,  until  finally  there  will  exist  a  dangerous 
atmosphere  that  may  completely  surround  him,  so  that  a  chance 
ignition  wiU  envelope  him  in  flames  and  perhaps  cause  great  damage 
to  property.  Ignition  of  the  gasoline  vapor  may  take  place  even 
some  distance  from  the  gasoline  in  a  room  adjoining  the  room  in 
which  the  person  works.  As  the  gasohne  evaporates,  and  more  and 
more  vapor  is  given  off,  it  mixes  with  air  farther  and  farther  from 
the  gasoline  and,  if  the  evaporation  lasts  long  enough,  may  travel 
to  an  adjoining  room,  where  it  may  be  ignited.  On  ignition  a  sharp 
flash  will  travel  back  through  the  adjoining  room  to  the  room  where 
the  gasoline  is. 

RESUME. 

At  ordinary  temperatures  air  will  hold  about  5  to  28  per  cent  of 
gasoline  vapor.  As  gasoline  vapor  is  about  three  times  as  heavy  as 
air,  in  a  room  containing  a  mixture  of  the  vapor  with  air  the  vapor 
is  found  in  largest  proportion  near  the  floor. 

The  limits  of  explosibility  of  mixtures  of  gasoline  vapor  and  air 
are  between  about  1.4  and  6  per  cent  of  gasohne  vapor,  although 
dangerous  flashes  may  be  produced  with  mixtures  containing  less 
and  more  than  these  proportions.  In  other  words,  there  is  needed 
only  a  small  proportion  of  gasoline  vapor  to  render  air  explosive — 
1.4  cubic  feet  of  the  vapor  to  97.5  cubic  feet  of  air.  One  gallon  of 
gasoline  can  under  ideal  conditions  render  2,100  cubic  feet  of  air 
explosive. 

A  dangerous  feature  of  gasoline  vapor  is  that  it  may  travel  a 
considerable  distance  from  the  gasolmo  and  there  be  ignited,  the 
flash  traveling  back  to  the  container  of  the  liquid  and  causing  a 
roaring  fire  in  a  few  seconds. 
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